shows the controlling mechanism for contact force.
For vibration exposure to the hand in the TTS test, a vibrator (VP-85, Derritron Electronics) was used, and the handle temperature was controlled with a control master (RTL621, Raytel). The left hand was exposed to vibration for five minutes while grasping the handle with 10% of maximum grip force. The push and pull forces were controlled at zero. The temperature of the handle was thermostatically controlled at 30°C and the acceleration of the applied vibration was maintained at 20 ms-' rms.
The frequencies of the applied vibration were from 16 Hz to 500 Hz at octave band intervals. A control trial, in which subjects grasped the handle but were not exposed to vibration was also performed. After each exposure, three of the six frequencies (16, 31 5, 63, 125, 250 , and 500 Hz) of vibration sense threshold were measured. Two trials were therefore required for each frequency of vibration exposure and the control exposure. The sequence of exposures for each subject was determined at random.
Vibration sense thresholds were measured twice before exposure and then immediately, 0 5 minutes, two minutes, five minutes, 10 minutes, and 20 minutes after exposure. The intervals from exposure to measurement, however, varied with trials because three thresholds of different frequencies were measured in one trial of exposure. Therefore, TTS at 0 5 minutes after exposure (TTS05) was calculated assuming proportional recovery of TTS with the logarithm of time after exposure, and using the measured vibration sense thresholds and the time intervals.34 Vibration sense thresholds from 16 Hz to 500 Hz were measured at octave band intervals, except during experiment 1 in which those from 16 Hz to 800 Hz were measured at one third octave band intervals. The surround with a gap of 1-5 mm (size of hole 10 mm) and a contact force of 2 N were used except in experiments 2 and 3. The atmospheric temperature of the laboratory was maintained at about 25°C except in experiment 4 when it was varied between 4°C and 29°C. During experiments 4 and 5, E temperature of the skin on the dorsal side of the CN middle finger was measured with a digital ther-CA mometer (STK610, RS Components) just before E measurement of the vibration sense threshold. Thenoise level during the experiments was 43-45 dB(A),°e xcept in experiment 5 where it was 58-69 dB(A) (it rose to 81 dB(A) during exposure to vibration at F 500 Hz in experiment 5). During the measurement of the vibration sense thresholds before and after exposure, the noise level was 53-54 dB(A). Earmuffs (type 2315, Bilsom International) worn by subjects during the experiment may have decreased exposure to noise by 10 dB at 125 Hz and 25 dB at 500 Hz.
Statistical tests were by multivariate analysis of variance and each objective factor was tested when taking subject variation into account. skin induced by exposure to vibration at 20 ms-2 rms for five minutes. Exposure to vibration of 16 Hz and 500 Hz tended to induce greater decreases in temperature of finger skin. Although the decreases were small and not statistically significant compared with values before vibration exposure, the differences between exposure frequencies were statistically significant (p < 0-05). Figure 7 shows the TTS,., of vibration sense induced by the exposure to vibration. Compared with the controls, in which subjects grasped the handle but were not exposed to vibration, the exposure to vibration at each frequency induced a significant increase in the vibration sense threshold.
Results
The TTSO., of vibration sense at 16 Craig and Sherrick25 found that doubling the contact force increased the magnitude of vibration sense by around 3 dB when using a contact area of 0-157 cm2 and a contact force varying from 0-025 to 0-8 N on the forearm, an area thought not to have FAI units.26 Ohkouchi indicated that the vibration sense threshold of the fingertip at 250 Hz was not changed with contact forces over 2 N.2" These findings are consistent with the results in this study. Vibration sense thresholds decreased by 1 to 5 dB at 125 Hz, 250 Hz, and 500 Hz when the contact force was increased from 1 N to 2 N whereas no difference in vibration sense threshold was seen between 2 N and 3 N. The effect of contact force might be explained by spatial summation in the FAII units.
Green28 investigated the effect of skin temperature on vibration sense thresholds using a narrow contact area of 0-008 cm2 without a surround and showed that a decrease in skin temperature from 37°C to 20°C induced an increase in the vibration sense threshold of 6 dB at 150 Hz and 16 dB at 250 Hz. Such an effect of temperature was not seen, however, at 80 Hz and the lower frequencies. He concluded that Pacinian corpuscles are sensitive to temperature changes but low frequency receptors are not. Although our measuring conditions differed from his in contact area and the presence of surround, the results were similar; a decrease in skin temperature from 35°C to 20°C induced an increase in vibration sense threshold of 6 dB at 125 Hz and 16 dB at 250 Hz. This effect of temperature was also seen, however, at the lower frequencies of 16 Hz and 31-5 Hz. Although it is likely that lower temperatures induced lower function of neurological systems including the FAI units, it is apparent that the FAII units are much more sensitive to changes in temperature than the FAI units. 
